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Resumen
/RVEULy¿WRV HVSHFLDOPHQWHPXVJRV \KHSi-
WLFDVVRQSODQWDVQRYDVFXODUHVTXHKDQVLGR
HVWXGLDGRV FRPR ELRLQGLFDGRUHV GH FRQWDPL-
QDFLyQXUEDQD\DTXHSRUGHSRVLFLyQDWPRV-
IpULFD UHWLHQHQ HQ VXV WHMLGRV JUDQ FDQWLGDG
GH FRQWDPLQDQWHV SURGXFWR GH OD DFWLYLGDG
DQWUySLFD6HUHDOL]yXQPXHVWUHRGHPXVJRV
\KHSiWLFDVSUHVHQWHVHQODFLXGDGGH9LOODYL-
FHQFLR0HWD&RORPELDFRQHO¿QGHDQDOL]DU
OD YDULDELOLGDG HVSDFLDO GH ODV FRQFHQWUDFLR-
QHV GH SORPR UHWHQLGDV HQ HO WHMLGR YHJHWDO
6HHVWDEOHFLyXQPXHVWUHRHQSXQWRVDOR
ODUJRGHODFLXGDGDJUXSiQGRORVHQFXDWUR]R-
QDVVHJ~QVXDFWLYLGDGSULQFLSDOFRPHUFLDOHV
UHVLGHQFLDOHVVHPLQDWXUDOHV\YtDVSULQFLSDOHV
(Q OD LGHQWL¿FDFLyQ WD[RQyPLFD VH HQFRQWUy
TXH ORV JpQHURV Fabronia sp. (Fabroniaceae) 
\Frullania sp. (FrullaniaceaeIXHURQORVPiV
DEXQGDQWHV /DV ]RQDV GH YtDV SULQFLSDOHV \
FRPHUFLDOHVSUHVHQWDURQODVPD\RUHVFRQFHQ-
WUDFLRQHVSURPHGLRGHSORPRGHPJ.J 
\PJ.JUHVSHFWLYDPHQWHHVWDV]RQDV
VH FDUDFWHUL]DURQ SRU XQ DOWR ÀXMR YHKLFXODU
\RIHUWDGHVHUYLFLRVGHPHFiQLFDDXWRPRWUL]
TXH QR FXHQWDQ FRQ VLVWHPDV GH JHVWLyQ GH
UHVLGXRVSURSLRVGHODDFWLYLGDG/DFRPSDUD-
FLyQGHODVYDULDQ]DVGHODV]RQDVHVWXGLDGDV
VHUHDOL]yFRQHOWHVWHVWDGtVWLFR$1'(9$TXH
Recibido:
Aceptado:
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DUURMyXQYDORUSGHORFXDOLQ-
GLFyGLIHUHQFLDVVLJQL¿FDWLYDVHQWUH ODV]RQDV
FRPHUFLDOHV\UHVLGHQFLDOHVVHPLQDWXUDOHV6H
DSOLFyHOIDFWRUGHFRQWDPLQDFLyQ)&GHOFXDO
VHREWXYRXQDFDWHJRUtDPi[LPDGH&Rex-
tremamente contaminado HQ ORV EDUULRV 6DQ
%HQLWR\&HURXQR)LQDOPHQWHODVFRQFHQWUD-
FLRQHV KDOODGDV HQ HO WHMLGR EULy¿WRV LQGLFDQ
XQDDOWDSUHVHQFLDGHOSORPRHQFRPSDUDFLyQ
FRQ HVWXGLRV VLPLODUHV UHDOL]DGRV HQ YDULRV
SDtVHV
Palabras clave:&RQWDPLQDFLyQXUEDQDFULS-
WyJDPDVJHVWLyQDPELHQWDO9LOODYLFHQFLR
Abstract
%U\RSK\WHVHVSHFLDOO\PRVVHVDQGOLYHUZRUWV
DUH QRQYDVFXODU SODQWV WKDW KDV EHHQ XVHG
DVELRPRQLWRUVRIXUEDQSROOXWLRQEHFDXVHRI
DWPRVSKHULF GHSRVLWLRQ WKH\ UHWDLQ D ODUJH
TXDQWLW\RIFRQWDPLQDQWVLQWKHLUWLVVXHVDVD
UHVXOWRIDQWKURSLFDFWLYLW\7KHVDPSOLQJRIEU-
\RSK\WHVIURP9LOODYLFHQFLR&LW\0HWD&RORP-
ELDZDVFDUULHGRXWZLWKWWKHDLPRIDQDO\]H
WKH VSDWLDO YDULDELOLW\ RI OHDG FRQFHQWUDWLRQV
UHWDLQHGLQYHJHWDOWLVVXH6DPSOLQJRIVL-
WHVDFURVV WKHFLW\ZDVHVWDEOLVKHGJURXSHG
LQIRXU]RQHVDFFRUGLQJWRWKHSULQFLSDODFWLYL-
W\FRPPHUFLDOSULQFLSDOZD\VUHVLGHQWLDODQG
VHPLQDWXUDO ,Q WKH WD[RQRPLF LGHQWL¿FDWLRQ
Fabronia sp. (FabroniaceaeDQGFrullania sp. 
(FrullaniaceaeZHUHWKHPRVWDEXQGDQW3ULQ-
FLSDO ZD\V DQG FRPPHUFLDO ]RQHV SUHVHQWHG
WKHKLJKHUPHDQOHDGFRQFHQWUDWLRQVRI
PJ.J \PJ.J UHVSHFWLYHO\ WKHVH
]RQHVDUHFKDUDFWHUL]HGE\KLJKYHKLFXODUÀRZ
DQG DXWRPRWLYH VHUYLFHV ZLWKRXW ZDVWH PD-
QDJHPHQW V\VWHP IRU WKH DFWLYLW\ VROYHQWV
IXHOVJUHDVHVZHOGLQJRLOV DQGSDLQWV7KH
FRPSDULVRQ RI YDULDQFHV IURP VWXGLHG ]RQHV
ZDV FDUULHG RXW ZLWK $129$ WHVW JLYLQJ D p 
YDOXHRILQGLFDWLQJVLJQL¿FDQW
GLIIHUHQFHV DPRQJ FRPPHUFLDO DQG UHVLGHQ-
WLDOVHPLQDWXUDO ]RQHV 7KH FRQWDPLQDWLRQ
IDFWRU&)ZDVDSSOLHGREWDLQLQJDPD[LPXP
FDWHJRU\RI&RUextremely contaminated LQ
6DQ%HQLWRDQG&HUR8QRQHLJKERUKRRG)LQD-
OO\WKHFRQFHQWUDWLRQVIRXQGLQWKHEU\RSK\WHV
WLVVXHVLQGLFDWHKLJKSUHVHQFHRIOHDGLQFRP-
SDULVRQZLWKRWKHUVLPLODUVWXGLHVFDUULHGRXW
LQVHYHUDOFRXQWULHV
Keywords: &U\SWRJDPV HQYLURQPHQWDO PD-
QDJHPHQWXUEDQSROOXWLRQ9LOODYLFHQFLR
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Introducción
/DGHSRVLFLyQDWPRVIpULFDGHVXVWDQFLDVWy[L-
FDVKDVLGRXQRGHORVSUREOHPDVDPSOLDPHQWH
HVWXGLDGRVHQODVFLXGDGHVSXHVWRTXHORVGH-
VHFKRV SURYHQLHQWHV GH OD LQGXVWULDOL]DFLyQ \
HOFUHFLPLHQWRGHPRJUi¿FRDIHFWDQGHXQDPD-
QHUDQHJDWLYDHOVLVWHPD\VXVHOHPHQWRV/D
GLQiPLFDGH ODFLXGDGFRPRHFRVLVWHPDFRQ-
GLFLRQD\PRGL¿FD ODVFRPXQLGDGHVELROyJLFDV
FLUFXQGDQWHV\DTXHODVH[SRQHDGLYHUVRVIDF-
WRUHVDELyWLFRV OLPLWDQWHV FRPR OD FRQWDPLQD-
FLyQ7RUUHV0RUD	7UXMLOOR*RQ]iOH](V
HQHVWHVHQWLGRTXHHOXVRGHFLHUWDVHVSHFLHV
YHJHWDOHVSUHVHQWHVHQHODPELHQWHXUEDQRKD
FREUDGRJUDQLPSRUWDQFLDFRPRELRLQGLFDGRUHV
HQPXFKRVSDtVHVDOUHGHGRUGHOPXQGRSXHV
VHKDGHPRVWUDGRVXVHQVLELOLGDG\UHVLVWHQFLD
DORVGLYHUVRVFDPELRVGHVXHQWRUQR/RVEULy-
¿WRV WDOHVFRPR ORVPXVJRV BryophytaKDQ
VLGRDPSOLDPHQWHHVWXGLDGRVSRUVXFDSDFLGDG
GHUHWHQHUGLYHUVDVVXVWDQFLDV\HOHPHQWRVHQ
VXV WHMLGRVYtDGHSRVLFLyQDWPRVIpULFD 'RQR-
YDQet al.(NSR8QR$GLH	,ERN
DXQTXHKDQVLGRPiVXVDGRVTXHODVKHSiWLFDV
(Marchantiophyta \ DQWRFHURV Antoceroto-
phyta ORV WUHVJUXSRVSUHVHQWDQ ODVPLVPDV
FDUDFWHUtVWLFDV PRUIR¿VLROyJLFDV TXH ORV KD-
FHQLJXDOPHQWH~WLOHVFRPRELRLQGLFDGRUHVVLQ
HPEDUJRQRKD\UHSRUWHVGHDQWRFHURVHQFLX-
GDGHVUHVWULQJLpQGRVHDVLWLRVPiVFRQVHUYD-
GRV(VWXGLRVDHVFDODPXQGLDOUHSRUWDQHOXVR
GHDOJXQDVHVSHFLHVGHPXVJRVSDUDPHGLU OD
FDOLGDG DPELHQWDO HQ FXDQWR D FRQWDPLQDFLyQ
SRUPHWDOHV SHVDGRV HQWUH HOORV Pleurozium 
schreberi6]DUHNàXNDV]HZVND*URG]LQVND	
%UDQLHZVNL +DUPHQVet al.  Fu-
naria hygrometrica$GLH7RVDER8QR	$MH-
JL  Pseudoscleropodium purum Hylo-
comium splendens Hypnum cupressiforme 
+DUPHQV1RUULV	0LOOVScleropodium 
purum+HGZ/LPSUHylocomium splendens 
+HGZ%6\*\Thuidium tamariscinum 
+HGZ%6\*)HUQiQGH](GHUUD	&DU-
EDOOHLUD
(OSORPRHVXQPHWDOTXHSRVHHXQSHVRDWy-
PLFRGHJPRO\XQDDOWDGHQVLGDGGH
JFPSURSLDGHORVPHWDOHVSHVDGRV
VHHQFXHQWUDHQEDMDV FRQFHQWUDFLRQHVHQ OD
FRUWH]DWHUUHVWUH\HVXVDGRHQPXFKRVSUR-
FHVRV LQGXVWULDOHV JUDFLDV D VXV SURSLHGDGHV
ItVLFDV(VXQPHWDOSHVDGR\Wy[LFRFX\DPD-
\RUIXHQWHGHHPLVLyQHQ ODVFLXGDGHVVRQHO
KXPR GH FDUURV WDOOHUHV DXWRPRWULFHV ODYD-
GRGH SLQWXUDV FRQ SUHVHQFLD GH HVWHPHWDO
GHVPDQWHODPLHQWRGHEDWHUtDVGHSORPRHQWUH
RWURV81(3/DOLEHUDFLyQGHSORPRDO
DPELHQWHVHGDWDQWRSRUIDFWRUHVDQWUySLFRV
PHQFLRQDGRVDQWHULRUPHQWH FRPRSRUHUR-
VLyQQDWXUDOGHORVVXHORV
(Q&RORPELD HO XVR GH HVWHPHWDO FRQPp-
WRGRVDUWHVDQDOHV\HQSLJPHQWRGHDOJXQDV
SLQWXUDVSUHQGHODVDODUPDVHQFXDQWRDVD-
OXGS~EOLFDQDFLRQDOGHELGRDODVDIHFFLRQHV
TXHSXHGHDFDUUHDU,GURYR+XUWDGR%ODQ-
FR%HUP~GH]	-DLPHV/D LQWR[LFD-
FLyQSRUHVWHPHWDOSURYRFDGDxRVDQLYHOGHO
VLVWHPD QHUYLRVR LQDFWLYDQGR ODPDTXLQDULD
FHOXODU GH QHXURQDV FHUHEUDOHV IUHQDQGR OD
SURGXFFLyQ GH DFHWLOFROLQD $GHPiV DIHFWD
ODPHGXODyVHD\DTXH LQWHU¿HUHHQ OD IRU-
PDFLyQGHOJUXSR+HPGHYLWDOLPSRUWDQFLD
HQODIRUPDFLyQGHKHPRJORELQDPLRJORELQD
FLWRFURPR \ DOJXQDV FDWDODVDV HQ FRQVH-
FXHQFLD ORV JOyEXORV URMRV VHUiQPiV JUDQ-
GHVIUiJLOHV\FRQXQDYLGDPHGLDGLVPLQXL-
GD\¿QDOPHQWHGDxRVHQULxRQHVDQLYHOGH
ODV QHIURQDV ,GURYR et al.  /DEDQGD
	 )HUQiQGH]  ORV OtPLWHV GH FRQFHQ-
WUDFLyQ GH SORPR HQ VDQJUH VRQ GH  P
G/PJ.JHQQLxRV\GHPG/ 
PJ.J%HOOLQJHU(OREMHWLYR
GH HVWH HVWXGLR IXH DQDOL]DU OD GLVWULEXFLyQ
HVSDFLDOGHOSORPR3EXVDQGRODFRPXQLGDG
GHPXVJRV\KHSiWLFDVHSt¿WRVSUHVHQWHVHQ
ODFLXGDGGH9LOODYLFHQFLR0HWD
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Materiales y métodos
Área de estudio
(OPXHVWUHRGHPXVJRV\KHSiWLFDVVHOOHYyD
FDERHQHOiUHDXUEDQDGH ODFLXGDGGH9LOOD-
YLFHQFLR0HWD\HQ WUHViUHDVVHPLQDWXUDOHV
YHUHGDV(O&DUPHQ/D$UJHQWLQD\%DUFHORQD
/D FLXGDGSUHVHQWDXQD WHPSHUDWXUD SURPH-
GLRDQXDOGH&XQDSUHFLSLWDFLyQPHGLD
DQXDOUHJLVWUDGDGHPP\XQDDOWXUDVR-
EUHHOQLYHOGHOPDUGHPHOPXHVWUHRVH
UHDOL]yORVSULPHURVGtDVGHOPHVGHMXQLRGH
pSRFDGHOOXYLDV
/RVSXQWRVGHPXHVWUHRIXHURQDJUXSDGRVHQ
FXDWUR FDWHJRUtDV ]RQDV FRPHUFLDOHV &P
]RQDVUHVLGHQFLDOHV5]RQDVVHPLQDWXUDOHV
FRQVHUYDGDV61\]RQDVGHYtDVSULQFLSD-
OHV93FRQHO¿QGHPHGLUHOLPSDFWRGHODV
GLIHUHQWHVDFWLYLGDGHVDQWUySLFDVGHORVVHF-
WRUHVHQORUHIHUHQWHDODFRQWDPLQDFLyQSRU
SORPR3E'HHVWDVFDWHJRUtDVODV]RQDVVH-
PLQDWXUDOHVVHXVDURQGHEODQFRRUHIHUHQFLD
)LJXUD
Figura 1. 3XQWRVGHPXHVWUHRHQHOiUHDXUEDQD\UXUDO9HUHGDV 
(O&DUPHQ/D$UJHQWLQD\%DUFHORQDGHODFLXGDGGH9LOODYLFHQFLR0HWD
)XHQWH$XWRUHV
Características de las zonas  
muestreadas Zonas Comerciales 
&DUDFWHUL]DGDV SRU OD LQÀXHQFLD FRPHUFLDO OL-
JDGDSULQFLSDOPHQWHDORVVHUYLFLRVDXWRPRWUL-
FHVYHQWDGHDOLPHQWRVURSD\HOHFWURGRPpV-
WLFRVDOLJXDOHOWUiQVLWRIXHUWHGHWUDQVSRUWH
S~EOLFR\SDUWLFXODU
Zonas Residenciales 
6HFDUDFWHUL]DQSRUODSUHGRPLQDQFLDUHVLGHQ-
FLDOODDFWLYLGDGHFRQyPLFDVHHYLGHQFLDHQSH-
TXHxRVQHJRFLRVGHFRPLGD\RWURVVHUYLFLRV
(O VHFWRU GH +DFDULWDPD9L]FD\D&DQWDUUDQD
SUHVHQWDYDULDV]RQDVYHUGHVGHGLIHUHQWHVGL-
PHQVLRQHVFRPRHOSDUTXH/D/ODQXUD IUHQWH
DO6LNXDQL
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Zonas Seminaturales
8ELFDGDVDODVDIXHUDVGHODFLXGDGGRQGHVRQ
SRFR LQWHUYHQLGDV FHUFDQDV D YtDV GH EDMR
WUiQVLWRYHKLFXODU/DDFWLYLGDGHFRQyPLFDVH
EDVD SULQFLSDOPHQWH HQ HO WXULVPR R SUR\HF-
WRVXUEDQtVWLFRVFRPRHVHOFDVRGHODYHUHGD
(O &DUPHQ \ /D $UJHQWLQD UHVSHFWLYDPHQWH
/DYHUHGD%DUFHORQDSUHVHQWDODEDVHPLOLWDU
XQDSDUWHXUEDQL]DGD\ OD8QLYHUVLGDGGH ORV
/ODQRV (VWRV SXQWRV GHPXHVWUHRSUHVHQWDQ
]RQDVYHUGHVGHJUDQGHVSURSRUFLRQHV
Vías principales
&RUUHVSRQGHDODVYtDVGHDOWRWUi¿FRYHKLFXODU
TXH VRQ FODYHVHQ ODPRYLOLGDGGH OD FLXGDG
eVWDVSUHVHQWDQGLIHUHQWHVDFWLYLGDGHVHFRQy-
PLFDVHQWUHODVTXHVHGHVWDFDQHVWDFLRQHVGH
VHUYLFLRWDOOHUHVDXWRPRWULFHVFHQWURVFRPHU-
FLDOHVERGHJDVGHDOPDFHQDPLHQWRWHUPLQDOHV
GH WUDQVSRUWHHQWUHRWURV/RVSXQWRVPXHV-
WUHDGRVVHXELFDURQHQHODQLOORYLDOODYtD&DWD-
PDODYtD3XHUWR/ySH]\ODDYHQLGD
Colecta del material vegetal
/DVPXHVWUDVVHWRPDURQHQVXVWUDWRYHJHWDO
DXQPHWURGHDOWXUDGHOWURQFRGHiUEROHV
\ SDOPHUDV HYLWDQGR RWURV WLSRV GH FRQWDPL-
QDFLyQ FRQ XQ SHVR DSUR[LPDGR GH JJ
SRUPXHVWUD3RUFDGDSXQWRGHPXHVWUHRVH
WRPDURQWUHVPXHVWUDVGHiUEROHVFHUFDQRVWH-
QLHQGRDVtPXHVWUDVSHUWHQHFLHQWHVD ORV
SXQWRVGHPXHVWUHRWRWDOHV3DUDODSUHVHU-
YDFLyQ GHOPDWHULDO YHJHWDO ODVPXHVWUDV FR-
OHFWDGDVVHPDQWXYLHURQHQEROVDVWLSR=LSORF
IXHURQURWXODGDVFRQODLQIRUPDFLyQSHUWLQHQWH
Q~PHURGHFROHFWDFyGLJRSXQWRGHFROHFWD
FRRUGHQDGDV\FROHFWRU\VHDOPDFHQDURQHQ
FDYDV SOiVWLFDV D WHPSHUDWXUD DPELHQWH SDUD
VHUOOHYDGDVLQPHGLDWDPHQWHDOODERUDWRULR
Análisis de metales pesados
/DVPXHVWUDV IXHURQ HQYLDGDV DO /DERUDWRULR
4XtPLFRGH&RQVXOWDV,QGXVWULDOHV8QLYHUVLGDG
,QGXVWULDOGH6DQWDQGHUDFUHGLWDGRPHGLDQWH
OD UHVROXFLyQ  GH  \  GH 
SRUHO,QVWLWXWRGH+LGURORJtD0HWHRURORJtD\
(VWXGLRV $PELHQWDOHV GH &RORPELD ,'($0
SDUDVHUDQDOL]DGDV\KDOODUODVFRQFHQWUDFLR-
QHVGHSORPRSUHVHQWHVHQHOWHMLGRYHJHWDO
3DUD HO DQiOLVLV VH WRPDURQ J GH WRGR HO
PDWHULDOYHJHWDOFROHFWDGRHQFDGDSXQWRVLQ
GLVFULPLQDUHVSHFLHVRJpQHURVSHURVtLGHQWL-
¿FDQGRORVPRUIRWLSRVSUHVHQWHVHQODPXHV-
WUD SDUD VX SRVWHULRU DQiOLVLV WD[RQyPLFR
6HXVy ODGLJHVWLyQPHGLDQWHHOPpWRGR(3$
%+12\+&O2MXQWRFRQODHVSHFWUR-
PHWUtDGHDEVRUFLyQDWyPLFDGHOODPD%
\SDUDDOJXQDVPXHVWUDVGHSRFRYROXPHQVH
XVy OD HVSHFWURPHWUtD GH DEVRUFLyQ DWyPLFD
HQKRUQRGHJUD¿WR
Identi¿cación ta[onómica 
6H OOHYy D FDER HQ ORV ODERUDWRULRV GH /LP-
QRORJtDGHO ,QVWLWXWRGH&LHQFLDV$PELHQWDOHV
GHOD2ULQRTXLD,&$2&XVDQGRODVFODYHVGH
LGHQWL¿FDFLyQ PiV UHOHYDQWHV SDUD &RORPELD
&KXUFKLOO	/LQDUHVSDUDORVJpQHURVGH
PXVJRV\8ULEH	$JXLUUHSDUDORVJp-
QHURVGHKHSiWLFDV
Análisis estadístico, ploteo de isolíneas  
y mapas de distribución
6HUHDOL]yXVDQGRHOSURJUDPDOLEUH5DSOLFDQ-
GR ORV WHVW SDUDPpWULFRV GH WHVW GH -DUTXH
DVLPHWUtD \ FXUWRVLV WHVW GH 6KDSLUR:LON
QRUPDOLGDGWHVWGH%DUOWOHWWKRPRFHGDVWL-
FLGDG$1'(9$6H UHDOL]yXQD WUDQVIRUPD-
FLyQ ORJDUtWPLFD GH ORV GDWRV SDUD REWHQHU
QRUPDOLGDG /D LQWHUSRODFLyQ GH OD SRQGHUD-
FLyQGHODGLVWDQFLDLQYHUVD,':FRQXQDSR-
WHQFLDGHSRQGHUDFLyQGHVHXWLOL]ySDUD
GLOXFLGDU OD YDULDFLyQ HVSDFLDO GHO 3ORPR HQ
IXQFLyQ GH ODV FRQFHQWUDFLRQHV /RV PDSDV
GHLQWHUSRODFLyQ,':\ORVPDSDVGHGLVWULEX-
FLyQGH ORVJpQHURVHQ ORVSXQWRVGHPXHV-
WUHRIXHURQSURGXFLGRVHQHO6RIWZDUH$UF*,6
(VUL5HGODQGV&$((88
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Factor de Contaminación 
(VGH¿QLGRFRPRODUHODFLyQHQWUHODFRQFHQ-
WUDFLyQGHOHOHPHQWRHQORVEULR¿WRV&0L]R-
QDVFRPHUFLDOHVUHVLGHQFLDOHV\GHYtDVSULQ-
FLSDOHVYHUVXVHOYDORU\VXFRUUHVSRQGLHQWH
QLYHOGHUHIHUHQFLD&%L]RQDVVHPLQDWXUDOHV
/DLQWHUSUHWDFLyQGHOtQGLFHVHWRPDVHJ~QOR
SODQWHDGRSRU)HUQiQGH]\&DUEDOOHLUD
GRQGHSURSRQHQVHLVFDWHJRUtDV&Sin con-
taminación &)   &: Sospecha de con-
taminación&)&Levemente con-
taminado   &)  & 0oderadamente 
contaminado   &)  & Seriamente 
contaminado&)&Extremamente 
contaminado&)!(O&)HVFDOFXODGRFRQOD
VLJXLHQWHHFXDFLyQ
  
(FXDFLyQ
Resultados y discusión 
/DVPXHVWUDVFROHFWDGDVHQORVSXQWRVGH
PXHVWUHR HVWDEOHFLGRV D OR ODUJR GH OD FLX-
GDG GH 9LOODYLFHQFLR GLHURQ FRPR UHVXOWDGR
 JpQHURV GH ORV FXDOHV  SHUWHQHFHQ D OD
GLYLVLyQBryophytaPXVJRV\D ODGLYLVLyQ
MarchantiophytaKHSiWLFDV/RVJpQHURVPiV
DEXQGDQWHVIXHURQSDUDHOFDVRGHPXVJRVFa-
bronia sp.\SDUDKHSiWLFDVFrullania sp)LJX-
UDUHSRUWDGRVHQHO$XWRGHO0LQLVWH-
ULRGH$PELHQWHSDUDODFLXGDG0LQDPELHQWH
(OSORPRUHWHQLGRHQWHMLGRYHJHWDOGH
PXVJRV \ KHSiWLFDV GLR FRPR UHVXOWDGR XQD
FRQFHQWUDFLyQPi[LPDGHPJ.J\XQD
PtQLPDGHPJ.J
/RV GDWRV DUURMDGRV 7DEOD  SUHVHQWDQ XQD
DOWDYDULDELOLGDGHQWUHORVSXQWRVPXHVWUHDGRV
DJUXSDGRVSULQFLSDOPHQWHHQODVFDWHJRUtDVGH
YtDV SULQFLSDOHV \ ]RQDV FRPHUFLDOHV GH HVWD
PDQHUDHORUGHQ MHUiUTXLFRGH ODVFDWHJRUtDV
SURSXHVWDVHV&P!9S!61!5(VWR LQGLFDTXH
ODVDFWLYLGDGHVTXHVHGHVDUUROODQHQFDGD]RQD
LQÀX\HQ GLUHFWDPHQWH HQ ODV FRQFHQWUDFLR-
QHVGHSORPRGHHVWDPDQHUDVHFRUURERUDOR
PHQFLRQDGRHQ7UXMLOOR*RQ]iOH]7RUUHV0RUD
.HHVVWUD%UHYLN	-LPpQH]%DOOHVWD
Figura 2.'LVWULEXFLyQGHORVJpQHURVPiVDEXQGDQWHVHQODFLXGDGGH9LOODYLFHQFLR 
$'LVWULEXFLyQGHOJpQHUR)DEURQLD\%GLVWULEXFLyQGHOJpQHUR)UXOODQLD
)XHQWH$XWRUHV
5HYLVWDGH,QYHVWLJDFLyQ$JUDULD\$PELHQWDO274
Vol. 9, Núm. 2 (2018)  |  DOI: https://doi.org/10.22490/21456453.2167
(OSXQWRGHPXHVWUHRGHOEDUULR6DQ%HQLWRFOD-
VL¿FDGRHQODV]RQDVFRPHUFLDOHVDUURMyODFRQ-
FHQWUDFLyQGHSORPRPiVDOWDPJ.JHQ
FRPSDUDFLyQFRQORVGHPiVSXQWRVGHPXHVWUHR
GHELGRSUREDEOHPHQWHDVXDFWLYLGDGHFRQyPL-
FDSULQFLSDOOLJDGDDORVVHUYLFLRVDXWRPRWULFHV
6HJ~Q3DP6KD¶$WR	2IIHPORVWDOOHUHV
GHPHFiQLFDDXWRPRWUL]JHQHUDQXQLQFUHPHQWR
HQODVFRQFHQWUDFLRQHVGHYDULRVPHWDOHVLQFOXL-
GRHO SORPR GLFKDV IXHQWHVSULQFLSDOPHQWH VH
GHEHQDORVDFHLWHVGHOXEULFDUOtTXLGRVGHWUDQV-
PLVLyQVROGDGXUDVSLQWXUDVSXOLGRGHOFKDVLV\
GHVJDVWHGHOPRWRU\ODFDMDGHFDPELRVHVWDV
IXHQWHVLQFLGHQGLUHFWDPHQWHHQODVSODQWDVYtD
GHSRVLFLyQDWPRVIpULFDK~PHGD\VHFD6LQHP-
EDUJR$ERDO)HUQiQGH]%RTXHWH	&DUEDOOHLUD
SUHFLVDQTXHHQPXFKRVFDVRVODUHWHQ-
FLyQGHPHWDOHVSHVDGRV\RWURVHOHPHQWRVSRU
SDUWHGHORVEULy¿WRVHVSHFt¿FDPHQWHPXVJRV
QRVHGHEH~QLFDPHQWHDODGHSRVLFLyQDWPRVIp-
ULFDVLQRWDPELpQDDVSHFWRVWDOHVFRPRODQD-
WXUDOH]DGHOVXVWUDWRPDWHULDOSDUWLFXODGRDUUDV-
WUDGRSRUHOYLHQWR\ODQDWXUDOH]DGHODHVSHFLH
XVDGD HQ HO HVWXGLR $GLFLRQDOPHQWH VXJLHUHQ
TXHHOXVRGHHVWRVRUJDQLVPRVQRUHÀHMDXQD
UHWHQFLyQDODUJRSOD]RDQXDOVLQRXQHVWDGR
GHOHQWRUQRHQHOPRPHQWRHVSHFt¿FRHQTXHVH
UHDOL]DHOHVWXGLR
Tabla 1.(VWDGtVWLFDGHVFULSWLYDGHODVFRQFHQWUDFLRQHVGHSORPRPJ.J)  
HQODVGLIHUHQWHV]RQDVRiUHDVIXQFLRQDOHVGHOFDVFRXUEDQRGHODFLXGDGGH9LOODYLFHQFLR0HWD
Zona
Concentración 
(mg Kg) Pb
Factor de 
Contaminación
Vías  
principales 
(n=16)
Comercial
(n=13)
Residencial
(n=15)
Seminatural
(n=15)
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0D[
0LQ
'(VW
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'(VW
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0D[
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)XHQWH$XWRUHV
,JXDOPHQWHSDUD ODPLVPD]RQDHOSXQWRGH
PXHVWUHRXELFDGRHQHOEDUULR&HUR8QRTXH
SUHVHQWDODPLVPDDFWLYLGDGHFRQyPLFDDUUR-
MyXQDFRQFHQWUDFLyQGHSORPRGHPJ.J-
DXQTXHHVWiSRUGHEDMRGHODFRQFHQWUDFLyQ
Pi[LPDSDUDODV]RQDVGHYtDVSULQFLSDOHVVH
GHQRWDFODUDPHQWHTXHODDFWLYLGDGHFRQyPLFD
SURSLDGHOVHFWRUWLHQHXQHIHFWRSRVLWLYRHQHO
LQFUHPHQWR GH ODV FRQFHQWUDFLRQHV GH SORPR
HQHOHQWRUQR
$OLJXDOTXHHQODV]RQDVFRPHUFLDOHVHOSXQ-
WRVLWXDGRHQHOEDUULR6DQ%HQLWRYtD3XHUWR
/ySH]DJUXSDGRHQ OD FDWHJRUtDGH ]RQDVGH
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YtDVSULQFLSDOHVDUURMyXQPi[LPRGHPJ
.JGHQWURGHVXVDFWLYLGDGHVFRPHUFLDOHVVH
HQFXHQWUDSULPRUGLDOPHQWHORUHODFLRQDGRFRQ
VHUYLFLRVDXWRPRWULFHVDODGR\ODGRGHODGR-
EOHFDO]DGD\HOÀXMRYHKLFXODUSHVDGR
/DV FRQFHQWUDFLRQHVPiV EDMDV GHQWUR GH ORV
SXQWRVGHPXHVWUHR VHREWXYLHURQHQ ODV ]R-
QDV UHVLGHQFLDOHV \ ODV ]RQDV VHPLQDWXUDOHV
GHHVWD~OWLPDVHGHVWDFDHOSXQWRXELFDGRHQ
ODYHUHGD(O&DUPHQFRQXQDFRQFHQWUDFLyQGH
SORPRGHPJ.JFRQVLGHUDEOHPHQWHPiV
DOWDHQFRPSDUDFLyQFRQSXQWRVDJUXSDGRVGH
ODPLVPD]RQD\ORVDJUXSDGRVHQ]RQDVUHVL-
GHQFLDOHVSUREDEOHPHQWHGHELGRDTXHHVXQ
VLWLRWXUtVWLFRPX\FRQFXUULGRFRQSUHVHQFLDGH
DOJXQDVYLYLHQGDV\PX\FHUFDGHODFDUUHWHUD
LQWHUPXQLFLSDO%RJRWi9LOODYLFHQFLRHVWDFHUFD-
QtDSXHGH LQFUHPHQWDUSRUDFFLyQGHYLHQWRV
ODVFRQFHQWUDFLRQHVGHSORPRHQ ORVVHFWRUHV
DOHGDxRV6HJ~Q%HJX%UDVRYHDQX/LRJFKL	
%UHJD  ODV ]RQDV QDWXUDOHV FHUFDQDV D
YtDVGHDOWRWUi¿FRDXPHQWDQODGLVSHUVLyQGH
PHWDOHVSHVDGRVQRYROiWLOHVDGKHULGRVDSDUWt-
FXODV¿QDV(OPDSDGHODGLVWULEXFLyQHVSDFLDO
GHOSORPRHQHOiUHDXUEDQDGHODFLXGDG)LJX-
UDHYLGHQFLDGHIRUPDJUi¿FDORVSXQWRVFRQ
FRQFHQWUDFLRQHVPiVDOWDVGHSORPRUHWHQLGDV
HQWHMLGRYHJHWDOHQHVWDV]RQDVHVFODUDODDF-
WLYLGDGOLJDGDDORVVHUYLFLRVDXWRPRWULFHV
Figura 3.'LVWULEXFLyQHVSDFLDOGHO3EHQHOiUHDXUEDQDGHODFLXGDGGH9LOODYLFHQFLR 
)XHQWH$XWRUHV
(OSXQWRURMRLQGLFDHOVLWLRFRQPD\RUFRQFHQ-
WUDFLyQGHSORPR\ORVDPDULOORVORVTXHWLHQHQ
XQD FRQFHQWUDFLyQ LQWHUPHGLD DPHGLGD TXH
VHDFHUFDDOFRORUYHUGHRVFXURODFRQFHQWUD-
FLyQHVPHQRU&DEH UHFDOFDUTXHGHQWURGHO
PDSDHOSXQWRURMRFRUUHVSRQGHDOEDUULR6DQ
%HQLWR\ORVDPDULOORVD6DQ%HQLWRYtD3XHUWR
/ySH]\&HUR8QR
(VWXGLRV HQ GLIHUHQWHV SDtVHV DOUHGHGRU GHO
PXQGRHQGRQGHVHKDLPSOHPHQWDGRHOPXHV-
WUHRGHPXVJRVFRPRKHUUDPLHQWDSDUDPHGLU
5HYLVWDGH,QYHVWLJDFLyQ$JUDULD\$PELHQWDO276
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HO LPSDFWR GH ODV GLIHUHQWHV DFWLYLGDGHV DQ-
WUySLFDVDODPELHQWHXUEDQR\UXUDOGHVWDFDQ
FRQFHQWUDFLRQHVGHSORPRFRQVLGHUDEOHPHQWH
EDMDVHQFRPSDUDFLyQFRQORVGDWRVKDOODGRVHQ
HVWHSUR\HFWR(QFRQWUDVWH0DFHGR0LUDQGD
et alUHSRUWDQODFRQFHQWUDFLyQPi[L-
PDGHSORPRHQWHMLGRGHPXVJRVGHPJ
.JVXSHULRUDODHQFRQWUDGDHQHOEDUULR6DQ
%HQLWR ,JXDOPHQWH LQGLFD TXH OD GHSRVLFLyQ
DWPRVIpULFDHQPXVJRVVHYHDIHFWDGDSRUIDF-
WRUHV FOLPiWLFRV SUHVHQWDQGR PD\RUHV FRQ-
FHQWUDFLRQHVHQODpSRFDGHOOXYLDV&DRet al
LQGLFDQTXHODVFRQFHQWUDFLRQHVGHSOR-
PRHQSXQWRV LQGXVWULDOHVGH WUDQVIRUPDFLyQ
GHKLGURFDUEXURVSODQWDVSHWUROHUDVQRSUH-
VHQWDQDOWDVFRQFHQWUDFLRQHVSRUHOFRQWUDULR
SXQWRV ORFDOL]DGRV GHQWUR GH OD FLXGDG FRPR
]RQDVGHFROHJLRVVLSUHVHQWDQXQDDOWDGHSR-
VLFLyQGHSORPR\RWURVPHWDOHVSHVDGRV
/RVYDORUHVDUURMDGRVHQHO)&7DEOD\ OD
FDWHJRUL]DFLyQ GH ORV SXQWRV GH PXHVWUHR \
GHPDQHUDUHVXPLGDOD¿JXUDSUHVHQWDQHO
PDSDGHORVGDWRVDUURMDGRVWUDVODDSOLFDFLyQ
GHO IDFWRUGHFRQWDPLQDFLyQ(VWH IDFWRUVyOR
VHDSOLFyDODV]RQDVGHYtDVSULQFLSDOHV]RQDV
FRPHUFLDOHV\]RQDVUHVLGHQFLDOHVSXHVWRTXH
ODV]RQDVVHPLQDWXUDOHVIXHURQWRPDGDVFRPR
UHIHUHQFLD6HGHVWDFDQORVSXQWRVDJUXSDGRV
HQODFDWHJRUtD&RH[WUHPDPHQWHFRQWDPL-
QDGRVFRUUHVSRQGLHQWHVDORVEDUULRV6DQ%H-
QLWR\&HUR8QR
Figura 4.'LVWULEXFLyQHVSDFLDOGHOIDFWRUGHFRQWDPLQDFLyQHQHOiUHDXUEDQDGHODFLXGDGGH9LOODYLFHQFLR
)XHQWH$XWRUHV
/RV SXQWRV FRQPHQRU FRQFHQWUDFLyQ FRUUHV-
SRQGHQDORVEDUULRV&RUDOLQD6pSWLPD%ULJD-
GD 6DQWD +HOHQD %XTXH %DU]DO $OERUDGD
8QLPHWD \ 3RSXODU DJUXSDGRV HQ OD FDWHJR-
UtD & R QR FRQWDPLQDGDV &RPSDUDGR FRQ
OR KDOODGR HQ =KRX et al  ORV SXQWRV
HYDOXDGRV SUHVHQWDQ XQ )& TXH HVWi HQ ODV
FDWHJRUtDV&\&ORFXDOLQGLFDTXHODV]R-
QDV HVWiQ OHYHPHQWH FRQWDPLQDGDV DPRGH-
UDGDPHQWH FRQWDPLQDGDV PLHQWUDV TXH HO
)&SDUDODV]RQDVHVWXGLDGDVHQHVWHSUR\HF-
WR OOHJDDXQDFDWHJRUtD&RH[WUHPDPHQWH
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FRQWDPLQDGR(VWRLQGLFDTXHSDUD ODFLXGDG
GH9LOODYLFHQFLR ODFRQWDPLQDFLyQSRUSORPR
OOHJDDQLYHOHVPXFKRPiVDOWRVTXHYDULDV
FLXGDGHVHQ(XURSD
/RVSXQWRVDJUXSDGRVHQODFDWHJRUtD&RGH
VRVSHFKDGHFRQWDPLQDFLyQSHUWHQHFHQ~QLFD-
PHQWHDODV]RQDVUHVLGHQFLDOHVORFXDOLQGLFD
TXHDXQTXHQRSUHVHQWDQXQDFRQWDPLQDFLyQ
DOWDVHSRGUtDHVSHUDUTXHSDUDDxRVSRVWHULR-
UHVHOQLYHOGHFRQWDPLQDFLyQSDVHDHVWDUOH-
YHPHQWHFRQWDPLQDGRGHELGRDTXHVRQiUHDV
HQ H[SDQVLyQ TXH HQ DOJXQRV FDVRV FRPR
HQ ORV EDUULRV (PSRULR &HLED 6DQWD+HOHQD
\9L]FD\DVH LPSOHPHQWDUiQDFWLYLGDGHVHFR-
QyPLFDVTXHHOHYDUtDQODVFRQFHQWUDFLRQHVGH
SORPRGLVSRQLEOHVSXHVWRTXHVRQVLWLRVFRQ
JUDQSRWHQFLDOFRPHUFLDO
5HDOL]DGD OD WUDQVIRUPDFLyQ ORJDUtWPLFD GH
ORVGDWRVREWHQLGRVVREUH ODFRQFHQWUDFLyQ
GH SORPR HQ HO WHMLGR GHPXVJRV \ KHSi-
WLFDV )LJXUD  VH YHUL¿Fy OD KLSyWHVLV GH
QRUPDOLGDG \ KRPRFHGDVWLFLGDG (O $1'(-
9$FRQXQYDORUSGHUHD¿UPD
TXHODKLSyWHVLVGHLJXDOGDGHQWUHODV]RQDV
VHUHFKD]D
(O WHVWGH7XNH\GHPRVWUyTXH ODV]RQDVFR-
PHUFLDOHVSUHVHQWDQGLIHUHQFLDV VLJQL¿FDWLYDV
WDQWRFRQODV]RQDVUHVLGHQFLDOHVFRPRFRQODV
]RQDVVHPLQDWXUDOHVHVWRGHELGRD ODVEDMDV
FRQFHQWUDFLRQHVKDOODGDVHQHVWDVGRV~OWLPDV
FDWHJRUtDV ,JXDOPHQWH HOPLVPR WUDWDPLHQ-
WR HVWDGtVWLFR IXH DSOLFDGR D OD FDWHJRUtD GH
]RQDV VHPLQDWXUDOHV SDUD LGHQWL¿FDU VL H[LV-
WtDQGLIHUHQFLDVVLJQL¿FDWLYDVHQORVSXQWRVGH
PXHVWUHRXELFDGRVHQODVYHUHGDV(O&DUPHQ
/D$UJHQWLQD\%DUFHORQD$SOLFDGRHO$1'(9$
VHHYLGHQFLDTXHQRKD\GLIHUHQFLDVVLJQL¿FD-
WLYDVGHQWURGHORVSXQWRVGHPXHVWUHRHQODV
]RQDVVHPLQDWXUDOHV
Figura 5.&RQFHQWUDFLyQGHSORPR3EHQHOWHMLGRYHJHWDOHQODV]RQDVEODQFRRVHPLQDWXUDOHV/RVSXQWRV
IXHUDGHODVFDMDVLQGLFDQORVYDORUHVDWtSLFRV$&RQMXQWRGHGDWRVVLQGLVWULEXFLyQQRUPDO%&RQMXQWR 
GHGDWRVWUDQVIRUPDGRPHGLDQWHODWUDQVIRUPDFLyQ%R[&R[ORJDUtWPLFDǊ ORVDQiOLVLVIXHURQ 
UHDOL]DGRVHQHOVRIWZDUHOLEUH5
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Conclusiones
/RV JpQHURVPiV DEXQGDQWHV \ TXH SRGUtDQ
H[SOLFDU HO  GH ODV FRQFHQWUDFLRQHV GH
SORPRD OR ODUJRGH ORVSXQWRVGHPXHVWUHR
HVWDEOHFLGRV VRQ Fabronia \ Frullania SXHV
SUHVHQWDURQHOPD\RUYROXPHQGHWHMLGRYH-
JHWDODQDOL]DGR
/DVDOWDVFRQFHQWUDFLRQHVGHSORPRKDOODGDVHQ
ORVEDUULRV6DQ%HQLWR\&HUR8QRLQGLFDQTXH
VHGHEHQLPSOHPHQWDUDFFLRQHVGHPDQHMRGH
UHVLGXRVHQ ORV WDOOHUHVGHPHFiQLFDDXWRPR-
WUL] ,JXDOPHQWH WUDV OD SURKLELFLyQ GH JDVR-
OLQDV FRQSORPRVHHYLGHQFLDTXH ODDFWLYLGDG
GHHVWHPHWDOSURYHQLHQWHGHOKLGURFDUEXURHQ
RUJDQLVPRVELROyJLFRVDODIHFKDHVEDMRSXHV
ODVFRQFHQWUDFLRQHVHQ ODVYtDVSULQFLSDOHVQR
IXHURQGHPDJQLWXGFRQVLGHUDGD
$SHVDUGHTXH OD FLXGDGGH9LOODYLFHQFLRQR
FXHQWDFRQFHQWURVDOWDPHQWHLQGXVWULDOL]DGRV
ODVFRQFHQWUDFLRQHVGHSORPRKDOODGDVHQHVWH
HVWXGLR VXSHUDQ ODV FRQFHQWUDFLRQHV GHPX-
FKRVSDtVHVDOUHGHGRUGHOPXQGRFRQXQDLQ-
GXVWULDPiVGHVDUUROODGD
+DOODUODVFRQFHQWUDFLRQHVGHSORPRHQWHML-
GRELROyJLFRSHUPLWHFRQRFHUHQTXpPHGLGD
XQRUJDQLVPRSXHGHDEVRUEHUFLHUWRVPHWD-
OHV TXH SXHGHQ OOHJDU D DIHFWDU JUDYHPHQ-
WHVX IXQFLRQDPLHQWRQRUPDO$VtPLVPR OD
UHDOL]DFLyQ GH HVWH WUDEDMR SHUPLWH VXJHULU
DFFLRQHVGHPDQHMRGHDOLPHQWRVH[SRVLFLyQ
DOPHWDO\GHJHVWLyQDPELHQWDOHQORVIRFRV
GHFRQWDPLQDFLyQ
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